On a global scale, the most recent evidence indicates that over 400 million adults are obese while ∼20 million children and 1.6 billion adults are overweight. The World Health Organization reveals that, by the year 2015, ∼2.3 billion adults will be overweight and more than 700 million will be obese. In this review paper we summarized the current evidence to elucidate the impact of exercise training on biological and psychological health indices in overweight and obese individuals. Endocrine function indices that are discussed herein include leptin, adiponectin, growth hormone, and ghrelin levels. Psychological factors include anxiety and depression, body image, and motivation for exercise. Overall, exercise promotes physical and psychological health in overweight and obese individuals particularly because exercise-induced adaptations occur across a multitude of systems within the active human. The impact of exercise on specific biological and psychological health indices contributes to overall health in overweight and obese individuals.
Introduction
Increased adiposity and physical inactivity have been identified as harmful health indices [1] . It has been widely acknowledged that obesity leads to health problems such as cardiovascular disease, type 2 diabetes, and hypertension [2, 3] . On a global scale, the most recent evidence indicated that over 400 million adults are obese while ∼20 million children and 1.6 billion adults are overweight [2] . An unpleasant estimation by the World Health Organization revealed that by the year 2015 ∼2.3 billion adults will be overweight and more than 700 million will be obese [2] . Thus, it is necessary to establish practical/cost effective strategies as well as update and renew current health initiatives, such as physical activity participation, that will lessen the risk of weight gain and disease in overweight and obese populations.
It is well known that physical activity contributes, at least in part, to a healthy quality of life [4] . Indeed, compelling evidence supports that cardiorespiratory fitness (an objective measure of habitual physical activity) is an independent predictor of all-cause and cardiovascular disease mortality [5] . Specifically, recent evidence indicates that individuals with the highest level of physical activity had a greater total life expectancy compared to individuals with low physical activity participation [6, 7] . Conversely, physical inactivity has been linked to a plethora of health conditions such as type 2 diabetes [2] and has been identified as a greater risk for morbidity and mortality than a large adipose tissue mass [8] . In this light, it is essential to constantly monitor relevant research, which continues to provide nascent exerciseinduced adaptations that are invaluable for weight management, disease prevention, and to establish a high quality of life.
The aim of this paper was to review and summarize the current biological and psychological evidence to further understand the relationship between exercise and health in overweight and obese individuals. 
Approach
A search in PubMed and Science Direct was conducted using key words relevant to exercise and obesity (e.g., overweight, obesity, and weight loss) as well as appropriate biological and psychological terms (e.g., adipose tissue, lipids, anxiety, and hormones). The search also included the articles cited in the identified papers. All papers included in this review were identified by all three authors for their relevance according to the aim of the paper.
Exercise Training and Weight Management
3.1. Definitions. Physical inactivity is defined as very low or no bodily movement that requires energy expenditure. On the other hand, physical activity is defined as the total of the daily movements produced by skeletal muscles causing energy expenditure including programmed exercise [9] .
Percent body fat is an index used to determine an individual's health status and is calculated by dividing the total weight of fat by total weight. An essential amount of body fat is necessary to maintain life (i.e., 3-5% in men and 10-16% in women), but excessive amounts can lead to health problems such as chronic inflammation [10, 11] .
Body mass index (BMI) was established to estimate a human's body category based on weight in relation to height. BMI is calculated as weight (kg) divided by height (m) squared. Obesity classifications based on BMI for overweight, class I obese, and class II obese are 25-29.9 kg/m 2 , 30-34.9 kg/m 2 , and >35 kg/m 2 , respectively [2] .
Waist-to-hip ratio is calculated as the ratio of the smallest diameter of the waist (waist circumference) and the circumference of the largest diameter of the hips (hip circumference). Waist circumference is a surrogate for abdominal obesity and is an independent risk factor for cardiovascular disease [12] . Waist-to-hip ratios >1 in men and >0.85 in women indicate a greater risk for disease [13] . However, BMI and waist-to-hip ratio cannot describe the body composition and therefore they should be used by taking into consideration this limitation.
Maximal oxygen uptake (VO 2 max) is a valid measurement to determine physical fitness [14] . VO 2 max is measured in milliliters of oxygen per kilogram of bodyweight per minute (mL/kg/min) and represents the maximum capacity of an individual's body to consume, transport, and utilize oxygen during incremental exercise (aerobic threshold).
Exercise and Body Weight Regulation in Overweight and
Obese Individuals. Overweight and obese individuals are repeatedly suggested to follow two important health recommendations that can reduce the risk of health problems; that is, eat less and be more physically active. These lifestyle recommendations are important because only ∼25-30% of lifespan variation can be attributed to genetic factors [15] . Thus, it is critical to continuously update and renew health strategies that can contribute to lifestyle modification of overweight and obese individuals. It remains difficult to prescribe an exact amount of exercise relevant to obese and overweight populations that can prevent weight gain, particularly because each person requires an individualistic approach to maximize the benefits gained from exercise training. Nevertheless, evidence suggests that any amount of exercise can be effective in weight management of overweight and obese individuals. For example, a ten-month after school physical activity intervention in young boys (∼50% of participants were overweight or obese) resulted in a significant reduction in BMI, fat mass, and percent body fat compared to the control group [16] . Each after school activity consisted of a 25 min skills instruction session, a 35 min aerobic exercise session, and a 20 min stretching session [16] . At the other end of the age spectrum, six months of Danhak exercise training in elderly Korean individuals that included brain respiration exercises (i.e., gymnastics, laughter, and massages) resulted in a significant reduction of percent body fat and waist-to-hip ratio as well as a nonsignificant reduction in body weight and BMI [17] .
Exercise has also been shown to reduce adipose tissue mass that resulted in significant weight loss [18] . Specifically, a 16-week exercise training study showed that a combined aerobic (treadmill, elliptical machines, and aerobic classes) and resistance exercise (upper and lower body strength exercises) training program resulted in a greater reduction of multiple adiposity outcomes (i.e., body weight, BMI, total body fat, and fasting glucose) in 41 overweight Latina adolescent girls compared to a resistance exercise training group [18] . Indeed, exercise induces various health benefits such as a reduction in fat mass, as well as a decreased risk of cardiovascular disease, diabetes, musculoskeletal disorders, and some cancers (i.e., endometrial, breast, and colon) [2] . Evidence suggests, however, that the aforementioned exercise-induced adaptations can also occur independent of weight loss. For example, 13 weeks (five times per week) of supervised aerobic exercise (60 min at 60% peak oxygen uptake) significantly reduced total and abdominal fat in obese individuals with type 2 diabetes [19] as well as minimized the presence of cardiovascular disease risk factors without an overall loss in body weight [20] . In addition, a 12-week exercise intervention (walking or light jogging on a treadmill, 5 times/week, 60% VO 2 max, 60 min/session) led to reductions in fasting interleukin-6 (IL-6) and in waist circumference in obese men with or without type 2 diabetes, without a reduction in overall body weight [21] .
Although exercise alone plays a critical role in weight maintenance, [22] when exercise is combined with appropriate dietary interventions, a larger weight loss is reported [23] . Indeed, it has been suggested that the most effective weight-loss programs should include a combination of diet, exercise, and behavioral modifications [24] [25] [26] . A recent study reported that women with higher physical activity participation and dietary restraint had a significantly lower BMI compared to women with higher physical activity participation and lower dietary restraint [27] . In the same study it was also found that women with lower physical activity participation and reduced hunger levels had significantly lower BMI compared to women with lower physical activity participation and higher levels of hunger [27] . These data suggest that eating behavior modifications along with physical activity participation are important when designing weight management strategies. A major concern for overweight and obese individuals is weight regain following a dietary intervention specific for weight loss. Exercise training, however, appears to limit the amount of weight regain after such interventions. For example, Hunter and colleagues [30] examined weight regain in healthy premenopausal overweight women after one year of following a dietary intervention in which the participants lost 12.3 ± 2.5 kg. The women were divided into five groups including aerobic exercise adherers, aerobic exercise nonadherers, resistance exercise adherers, resistance exercise nonadherers, and a sedentary control group. Active participants (i.e., aerobic and resistance exercise) exercised two times per week. The aerobic exercise program included running on the treadmill for 20 min at 67% VO 2 max during the first week and gradually increased to 40 min of running at 80% VO 2 max by the eighth week. The resistance exercise program included two sets of 10 repetitions (at 80% of 1 repetition maximum) of squats, leg extension, leg curl, elbow flexion, triceps extension, lateral pull-down, bench press, military press, lower back extension, and bent leg sit-ups. The results revealed that both aerobic and resistance exercisers regained 3.5 kg after one year compared to 6.4 kg of weight regained by the nonexercisers [30] . Thus, exercise has a critical role in the maintenance of body weight that should be included in lifestyle modification programs. The effects of exercise on weight management in overweight and obese individuals are summarized in Table 1 .
Biological Adaptations
Common health risk factors associated with overweight and obesity include insulin resistance, high cholesterol, and visceral fat accumulation [2] . These health factors are widely important given their connection with the pathogenesis and exacerbation of diseases such as type 2 diabetes and atherosclerosis [2] . Weight loss and maintenance, however, have been shown to improve several health indices such as systolic and diastolic blood pressure, glycemic control, inflammation, and an individual's lipid profile. Regulation of the aforementioned health indices through body weight maintenance is widely important because of an associated increase in life expectancy [36] . In this light, we have examined the effects of exercise on a few critical biological risk factors associated with overweight and obesity.
Endocrine Function.
Certain human organs, such as adipose tissue, secrete peptides and adipokines that stimulate biological processes throughout the body. An increased adipose tissue mass elevates the production of certain adipokines that may lead to the disruption of biological processes such as immune function, insulin sensitivity, and blood pressure [37, 38] . Exercise, however, plays a vital role in the regulation of hormonal activity within adipose tissue and other major endocrine organs [39] .
Leptin.
Leptin is an adipokine that is produced and secreted by adipocytes and is characterized as a satiety peptide because of its role in food intake regulation [40, 41] .
In order to regulate hunger, circulating leptin is detected by receptors in the hypothalamus where it inhibits appetite [41] . Despite having greater levels of circulating leptin, obese individuals may experience a condition referred to as leptin resistance that leads to inadequate communication with the hypothalamus [41] . Evidence suggests that leptin sensitivity stimulates lipolysis in adipose tissue and hepatic fatty acid uptake and oxidation [42] . Recent data, however, showed that increased inflammatory cytokines and free fatty acid levels were associated with impaired leptin sensitivity in mice [41, 43] . Indeed, circulating leptin levels in humans have been associated with greater levels of systemic inflammation and fat mass [41] . Thus, increased circulating leptin, which may indicate leptin resistance, may be involved with the development of adipose tissue accumulation [41] .
The extent to which exercise may influence leptin concentrations depends on (i) the leptin circadian rhythm, (ii) energy spent during an exercise session, (iii) resting leptin levels, (iv) sex, and (v) postprandial time prior to exercise [41] . Evidence from normal weight humans suggests that short-term exercise (i.e., five days, 30 min/day, at 25% and at 75% VO 2 max) does not lead to a change in leptin levels [44] . Specifically, acute exercise (i.e., treadmill exercise at 90% VO 2 max for 5 min or 100% VO 2 max for 2 min) did not modify circulating leptin concentrations in well-trained adult men (28.71 ± 2.91 years) [45] . Chronic exercise, however, may reduce leptin particularly when exercise training is accompanied by a reduction in fat mass [28, 41, 46, 47] . Four weeks of cycling (30 min/day, 5 days/week) at 70% VO 2 max led to a reduction of circulating leptin in obese adult males (48.0 ± 8.0 years) with type 2 diabetes that was accompanied by a loss of body weight [28] . Further, the change in leptin concentrations was associated with fat loss in postmenopausal women after nine months of walking, jogging, and stair climbing [46] . The supervised exercise program implemented in the aforementioned study was performed three days/week and gradually increased in frequency and intensity to 45-50 min at 60-70% VO 2 max [46] . Conversely, 20 weeks of cycling (50 min, 3 days/week) at 55% VO 2 max did not lead to a change of circulating leptin in adult males and females [47] . Thus, particularly when accompanied by weight loss, exercise training has been shown to reduce leptin levels and enhance leptin sensitivity [43] .
Adiponectin.
Adiponectin is an adipokine that affects energy homeostasis and insulin sensitivity. High levels of adiponectin appear to reduce circulating levels of free fatty acids [48] as well as lessen glucose production from the liver that is likely due to enhanced insulin sensitivity [48, 49] . On the other hand, low levels of adiponectin have been associated with increased appetite and impaired insulin sensitivity [41] . Indeed, a study in mice revealed that decreased levels of adiponectin in muscle were associated with hyperinsulinemia and dyslipidemia [50] .
Recent research revealed that acute aerobic exercise (>60 min at ∼60% VO 2 max) increased circulating adiponectin levels [51, 52] . These findings, however, could be due to hemoconcentration or normal postprandial diurnal changes [51, 52] . On the other hand, a chronic aerobic exercise intervention (7 months of cycling, 60-70% of VO 2 max, 4-5 days/week) in obese Japanese individuals increased adiponectin levels which was relative to the amount of weight loss [35] . Therefore, acute and chronic exercise has been shown to positively influence circulating adiponectin.
Growth Hormone.
Another risk factor for disease related to overweight and obesity is increased abdominal adiposity that is associated with reduced growth hormone [53] . Reduced growth hormone secretion is associated with increased fat mass and with the development of the metabolic syndrome and type 2 diabetes [31] . Growth hormone may increase the basic metabolic rate leading to increase in energy expenditure in obese individuals [31] . A recent study showed that, after 16 weeks of supervised exercise training, growth hormone levels increased and were associated with reduced abdominal fat in obese adults with the metabolic syndrome [31] . Similarly, when exercise was performed at the anaerobic threshold (i.e., 30 min, 2 times/day for 4 weeks), growth hormone levels correlated negatively with visceral fat but did not correlate with subcutaneous fat in obese individuals with type 2 diabetes [29] . Thus, exercise may be an effective strategy for increasing growth hormone secretion that is related to the reduction of abdominal fat in obese adults.
Ghrelin.
Ghrelin is produced in the stomach and is an endogenous ligand for the growth hormone secretogogue receptor [41] . There are two forms of ghrelin, that is, (i) the acylated form that binds to the secretogogue receptor and (ii) the nonacylated form that does not bind to the secretogogue receptor [41] . Both forms stimulate human skeletal myoblasts that may indicate the presence of an unknown receptor for the nonacylated form [54] . Increased circulating levels of ghrelin induce an orexigenic effect, that is, a stimulation of the peripheral hunger signal to the central nervous system [41] . Thus, circulating ghrelin levels are reduced after feeding. Furthermore, in a recent in vitro study ghrelin inhibited the expression of inflammatory cytokines interleukin-1 , IL-6, and tumor necrosis factor-(TNF-) [55] as well as induced the expression of the anti-inflammatory cytokine interleukin-10 [56] .
A recent study reported no change in total ghrelin assessed in obese individuals participating in a short-term (i.e., 3-week) weight loss and exercise training program [57] . Long-term exercise (i.e., 3 days/week for 12 weeks), however, increased total circulating ghrelin concentrations which was also negatively associated with inflammatory biomarkers [58] . Similarly, another study in overweight individuals suggested that caloric restriction and weight loss along with chronic exercise (i.e., 3 months, 5 times/week at 70-80% of VO 2 max, energy expenditure 480 ± 126 kcal/session) led to increased levels of total circulating ghrelin concentrations [33] . Further, six months of exercise five times per week (∼50 minutes per session with an energy cost of ∼450 kcal) increased levels of total circulating ghrelin concentrations [34] . Nevertheless, further work in this area is necessary to examine the relationship between long-term exercise training, ghrelin, and inflammation in overweight and obese individuals. The effects of exercise on the aforementioned hormones in overweight and obese individuals are summarized in Table 1 .
Inflammation.
Overweight and obesity are strongly positively correlated with chronic inflammation [10] . Chronically inflamed individuals may experience macrophage infiltration of adipose tissue that leads to the production of cytokines such as IL-6 that activate the immune system [59] . Additionally, chronically high levels of circulating inflammatory cytokines are associated with impaired insulin sensitivity that may indicate a high risk for type 2 diabetes [59] . As mentioned above, adipose tissue is responsible for the secretion of adipokines such as adiponectin, leptin, and resistin, as well as immune factors such as TNF-, IL-6, and plasminogen activator inhibitor-1 [10, 59] . These substances play a crucial role in the pathogenesis of the metabolic syndrome [59, 60] . Furthermore, increased levels of the proinflammatory biomarker TNF-appear to be associated with reduced circulating adiponectin levels [61] . Indeed, a potential mechanism for the exercise-induced increase in adiponectin is a reduction in circulating levels of TNF- [62] .
Exercise may have potent anti-inflammatory properties in overweight and obese individuals, particularly when the intensity of exercise is high [63] . For example, after a group of obese men performed a single bout of exercise on the treadmill at 55% VO 2 max, IL-6 was significantly reduced in adipose tissue but not in circulation which may indicate a local adipose tissue anti-inflammatory response to acute exercise [20] . Furthermore, a significant reduction in IL-6 and C-reactive protein levels was observed in obese adolescent men following participation in a 12-week aerobic exercise training program (5 days/week, 40 minutes a day at a moderate intensity) [64] . Moreover, a 6-month aerobic exercise training program (4 times/week, 45-60 min/session) exerted anti-inflammatory effects in overweight individuals with type 2 diabetes [65] . Conversely, Arsenault et al. [66] reported no change in C-reactive protein, IL-6, and TNFin overweight and obese postmenopausal women following participation in a 6-month exercise training program (3-4 sessions/week, 60% VO 2 max, 12 kcal/kg/week) [66] . In summary, exercise training appears to exert anti-inflammatory effects that may be due to, at least in part, a reduction in body weight, total body fat, and visceral fat that leads to enhanced endocrine activity and reduced inflammatory biomarkers secreted by adipocytes and immune cells [67] . The effects of exercise on inflammatory biomarkers in overweight and obese individuals are summarized in Table 2 .
Insulin Sensitivity.
It is well known that insulin resistance is a major concern for overweight and obese individuals [68] . Exercise increases energy expenditure that has been shown to improve insulin sensitivity which is the major concern of an individual suffering from type 2 diabetes [69] . Indeed, several studies revealed that exercise led to enhanced insulin sensitivity in overweight and obese individuals. For example, one study showed that 3 months of aerobic exercise (i.e., brisk walking or light jogging with an energy expenditure of 700 kcal per session) improved insulin sensitivity that was accompanied by an 8% reduction in body weight [32] . Results from the same experiment also showed that participants without weight loss after the 3-month intervention experienced no change in insulin sensitivity. Insulin sensitivity, however, was measured four days after the last exercise session and, therefore, the short-term effects of an acute exercise session were not included in the assessment [32] . It is likely, however, that exercise training interventions without weight loss could lead to an improvement in insulin sensitivity. For example, Nassis and colleagues [70] reported that a 12-week aerobic exercise training program (3 days/week, 40 min/session) improved insulin sensitivity in overweight and obese adolescent girls, without any changes in body weight and body fat [70] .
Other studies have shown conflicting results regarding the impact of exercise on insulin sensitivity. For example, a 12-week aerobic exercise training program (i.e., slow running 5 times/week for 40 min/session) improved insulin sensitivity in obese adolescent men who lost a significant amount of weight but remained obese after exercise training [64] . Conversely, no significant changes in insulin sensitivity were observed in middle-aged obese women after participation in a 48-week resistance exercise training program (40 min/session, 2 sets/exercise, 14 repetitions/set) [71] . Similarly, a study of 115 older overweight and obese adults showed that 6 months of exercise training, prescribed from the guidelines of the American College of Sports Medicine, significantly reduced body fat levels but did not influence insulin sensitivity [72] .
It is also suggested that exercise in combination with a dietary intervention is an effective nonpharmaceutical treatment for improving insulin sensitivity in older, overweight, and obese individuals [73] . Indeed evidence showed that insulin sensitivity was significantly improved in individuals following a combined 12-week aerobic exercise (5 days/week, 50-60 min/day at ∼75% VO 2 max) and dietary intervention compared to individuals who performed exercise alone [74] . The effects of exercise training on insulin sensitivity are still under investigation, yet insulin sensitivity may be acutely enhanced after certain exercise interventions. The effects of exercise on insulin sensitivity in overweight and obese individuals are summarized in Table 2 .
Dyslipidemia.
Obesity is positively correlated with lipid levels in circulation which indicates a higher risk for cardiovascular disease. Indeed, increased levels of triglycerides, cholesterol, low density lipoproteins, and decreased levels of high density lipoproteins indicate a problematic lipid profile that results in an increased risk of heart disease [2, 75] . Exercise training at a moderate intensity has been shown to improve the lipid profile independent of weight loss [75] . Specifically, exercise has been positively associated with increased high density lipoproteins and negatively associated with triglycerides in overweight and obese adults with ↓ TG, ↑ HDL VO 2 max: maximal oxygen uptake, kg: kilograms, kcal: kilocalories, IL-6: interleukin-6, IL-18: interleukin-18, IL-10: interleukin-10, TNF-: tumour necrosis factor-, TG: triglycerides, HDL: high density lipoprotein.
the metabolic syndrome [75] . Evidence showed that shortterm aerobic exercise (7 days at 80-85% of VO 2 max for 60 min/session) in older obese individuals improved metabolic indices (i.e., fasting glucose, insulin levels, triglycerides, and cholesterol) [76] . Similarly, Durstine and colleagues [77] implemented a 24-32 km/week walking exercise that increased high density lipoprotein by 4-37%. In the same study, a 4-22% reduction of circulating triglycerides was also recorded without a change in low density lipoprotein levels [77] . The frequency and duration of exercise play an important role in determining lipid profile improvements in overweight and obese individuals as indicated from Kraus and colleagues [80] . In the aforementioned study, 111 overweight and obese middle-aged adults were placed into one of four groups for eight months (three exercise groups and a control group). The three exercise groups included a high-amount-high-intensity aerobic exercise group (jogging 32 km/week at 65-80% VO 2 max), a low-amount-high-intensity aerobic exercise group (jogging 19.2 km/week at 65-80% VO 2 max), and a lowamount-moderate-intensity aerobic exercise group (walking 12 min/week at 40-55% VO 2 max). The results showed an improved lipid profile in the high-amount-high-intensity aerobic exercise group that was suggested to occur due to the amount of exercise rather than the intensity of exercise [80] . In another study, metabolic parameters were examined in 60 obese women after a 20-week resistance or aerobic exercise intervention. The results showed a significant reduction in triglycerides and total cholesterol for both groups (i.e., resistance and aerobic exercise) [78] .
Improvements in plasma triglycerides, high density lipoprotein concentration, and diastolic blood pressure were assessed in obese older adults after a combined 6-month dietary and exercise intervention [79] . In this study the 90-minute exercise program included a combination of aerobic and resistance training as well as extensive flexibility and balance exercises [79] . Indeed, it has been suggested that exercise is more effective than diet in raising high density lipoprotein levels in obese individuals [81, 82] . It is not completely clear if this improvement comes from exercise or from participants' changes in body composition. In general, based on the available evidence exercise training may improve the lipid profile of obese and overweight individuals. The effects of exercise on the lipid profile of overweight and obese individuals are summarized in Table 2 .
Exercise for Pregnant Overweight and Obese Women
Overweight and obesity during pregnancy are a serious issue and need to be considered. Some suggestions from recent studies include proper types of exercise for overweight and obese pregnant women, yet this topic needs further exploration and more reliable evidence that will enable experts to easily plan exercise interventions. Nevertheless, Mottola [83] has proposed exercise interventions for overweight and obese pregnant women to control their weight. It is suggested that 3-4 aerobic exercise sessions per week, in the heart rate zone of 110-131 bpm for the ages of 20-29 years and 108-127 bpm for the ages of 30-39 years, might be suitable for these women. In addition, it was also recommended by the same study that a pregnant woman should start with 15 minutes of aerobic exercise per week and aim for at least 150 minutes per week [83] .
Psychological Factors Related to Exercise in Overweight and Obese Individuals
Overweight and obese individuals experience obstacles that may deter them from exercise participation such as low selfefficacy, difficulties associated with learning a new physical activity, access to proper facilities for exercise, a high cost of programs, and different cultures [84] . Self-determination theory supports that self-determined behavior in combination with a social support network leads to improved psychological well-being [85] . In this light, overweight and obese individuals can be motivated to carry out their obesity treatment [86] . According to Vieira and colleagues [86] women with high scores in health-related quality of life were those who were physically active and enjoying exercise. Exercise may reduce negative mood state and anxiety levels as well as depression due to, at least in part, the secretion of endorphins [87] . Furthermore, exercise significantly decreases the risk of depression symptoms in a general obese population [87, 88] . Additionally, chronic stress plays an essential role in the development of obesity. Stress causes the secretion of glucocorticoids that increases appetite leading to increased food consumption and insulin secretion [89, 90] . Thus, obesity treatment should include stress management in combination with weight loss. An exercise-induced reduction in stress can lower fat deposition, increase energy expenditure, lower energy intake, and promote weight loss [91] .
Another concern for overweight and obese individuals is body profile that affects the motivation of those individuals to do exercise. It was found that higher BMI scores are associated with negative health outcomes in obese patients with type 2 diabetes and individuals at high risk for diabetes [92] . Nevertheless, the obese individuals with type 2 diabetes were least expected to lose weight and/or participate in an exercise training program. The investigators suggested that BMI, not the risk of type 2 diabetes, is the probable reason for the above view [92] . Alternatively, depression that may be experienced in overweight and obese individuals could contribute to the development of type 2 diabetes. Specifically, it was revealed by a meta-analysis that 25% of type 2 diabetic cases could be attributed, at least in part, to depression [93] . Furthermore, in individuals that are suffering from depression, inactivity was a strong risk factor for type 2 diabetes, even if the individuals were not overweight or obese [93] . Indeed, exercise and physical activity have been shown to reduce not only anxiety and depression symptoms but also the risk of death from obesity [87] . Interestingly, aerobic exercise interventions can be more effective in depression treatment than antidepressant medication (sertraline) and placebo interventions [87] . It is crucial to provide psychological support for obese and overweight individuals in combination with weight management interventions to overcome obstacles such as low self-efficacy, anxiety, and depression.
Discussion
The aim of this review was to summarize the current research to elucidate the impact of exercise training on biological and psychological health indices in overweight and obese individuals. According to the current evidence we suggest that exercise is a suitable method for promoting overall physical and psychological health particularly because exercise-induced adaptations occur across a multitude of systems within the active human. In addition, it is necessary to take into consideration the kinematic difficulties that some overweight and obese individuals experience. For example, cycling may be a more appropriate exercise intervention at first, compared with walking or jogging [94] . Moreover, experts need to consider the type and intensity of exercise as well as the levels of psychological well-being that may influence participation and the expected results. It is proposed that designing fun and attractive activities or exercise interventions could help the above purpose [95] .
The current research evidence suggests that aerobic or a combination of aerobic and resistance exercise has positive impact on weight management even without following a dietary program, because of the positive exercise-induced biological changes. In general, aerobic exercise may decrease circulating leptin that may contribute, at least in part, to a reduction of adipose tissue accumulation [41] , particularly when accompanied by weight loss [43] . Additionally, chronic exercise may increase circulating adiponectin [35] that may reduce circulating levels of free fatty acids [48] and glucose production from the liver [48, 49] . Aerobic exercise may also 8 ISRN Physiology increase growth hormone secretion that has been shown to be related to the reduction of abdominal fat in obese adults [31] . Similarly, long-term aerobic exercise increased circulating ghrelin levels in overweight individuals that were negatively associated with inflammatory biomarkers [58] .
Aerobic exercise may induce potent anti-inflammatory properties in overweight and obese individuals [63] and may improve insulin sensitivity in overweight and obese individuals, particularly when accompanied by weight loss [74] . Furthermore, aerobic exercise training at a moderate intensity improved the lipid profile in overweight and obese individuals independent of weight loss [75] . Specifically, aerobic and resistance exercise have been shown to reduce triglycerides and total cholesterol in obese populations [78] and may be more effective than diet in raising high density lipoprotein levels [81, 82] . Finally, aerobic exercise interventions may improve psychological factors such as anxiety, body image, and depression in obese individuals [87] .
Future research should examine the influence of exercise on changes in negative attitudes of overweight and obese individuals. Additionally, there is a dearth of published data examining obese children less than 12 years of age in relation to all the above biological and psychological measures. We, therefore, advocate that future research should focus on the above factors related to obesity in children, in order to prevent obesity during adulthood. In conclusion, exercise for overweight and obese individuals is essential due to its beneficial effects on important biological indices as well as on an individual's psychological status through an improvement in mental health.
